Background/Objectives Pre-treatment gut microbial Prevotella-to-Bacteroides (P/B) ratio and markers of glucose metabolism (i.e., fasting glucose and insulin) have been suggested as biomarkers for optimal weight management. However, both biomarkers need further validation, and the interactions between them for optimal weight management are largely unknown. To investigate differences in weight loss maintenance between subjects with low and high P/B ratio and the potential interactions with markers of glucose metabolism and dietary fiber intake. Subjects/Methods Following an 8-week weight loss period using meal replacement products, subjects losing ≥ 8% of their initial body weight were randomized to one of three protein supplements or maltodextrin for a 24-week weight maintenance period. Habitual diet was consumed along with the supplements expected to constitute 10-15% of total energy. For this analysis we stratified the participants into low and high strata based on median values of pre-intervention P/B ratio, preweight loss Homeostatic model assessment of insulin resistance (HOMA-IR) (<2.33 or > 2.33), and dietary fiber intake during the intervention (< 28.5 or > 28.5 g/10 MJ). Results Regardless of weight maintenance regimen, subjects with high P/B ratio (n = 63) regained 1.5 (95% CI 0.4, 2.7) kg body weight (P = 0.007) more than subjects with low P/B ratio (n = 63). The regain among subjects with high P/B ratio was particular evident if HOMA-IR was high and dietary fiber intake was low. Consequently, in the high P/B strata, subjects with high HOMA-IR and low fiber intake (n = 17) regained 5.3 (95% CI 3.3, 7.3) kg (P < 0.001) more body weight compared with participants with low HOMA-IR and high fiber intake (n = 16). Conclusions Subjects with high P/B ratio were more susceptible to regain body weight compared with subjects with low P/B ratio, especially when dietary fiber intake was low and glucose metabolism was impaired. These observations underline that both the P/B ratio and markers of glucose metabolism should be considered as important biomarkers within personalized nutrition for optimal weight management.
Introduction
During the past several decades, numerous trials have compared diets varying in macronutrients and fiber contents for the management of overweight and obesity, assuming that a single dietary strategy would be appropriate for all individuals [1] [2] [3] [4] . However, these studies have failed to provide strong evidence for the efficacy of any particular diet. This has given rise to the notion that the content and source of specific macronutrients are of minor importance compared with the critical element of a person's ability to adhere to a specified diet [5, 6] .
However, advances in personalized nutrition have convincingly demonstrated that the metabolic response to specific foods is individual and partly depends on the gut microbiota composition [7] [8] [9] . Along these lines, we reported that the microbial Prevotella-to-Bacteroides (P/B) ratio (proxy of enterotypes [10] ) may serve as an important marker in relation to personalized nutrition and obesity management, as individuals with a high P/B ratio lost more weight when consuming more dietary fibers compared with subjects with a low P/B ratio [11] [12] [13] .
Recently, intestinal gluconeogenesis was reported to influence glucose homeostasis and energy management controlled by the brain [14] . Furthermore, a study in mice, which were fed mushroom fiber/mannitol, reported that an increased abundance of Prevotella was associated with an increased production of propionate and succinate. This was followed by increased expression of genes important for intestinal gluconeogenesis, leading to a reduced hepatic glucose production and thereby improved glucose homeostasis [15] . Therefore, targeting specific groups of bacteria with specific substrates may be one way to modulate energy homeostasis and body weight management. Down these lines, dietary fiber-induced improvements in host metabolic regulation were found to be positively associated with the Prevotella-to-Bacteroides ratio in the gut [16, 17] .
Another potential biomarker to be used in personalized nutrition (stratified nutrition) is markers of glucose metabolism. Especially fasting glucose and insulin concentrations have been shown to provide some dietary guidance, as dietary fibers seem to affect dietary weight loss success mainly among subjects with impaired glucose metabolism [18] [19] [20] . Therefore, the abundance of Prevotella and glucose metabolism might interact and influence weight loss/ maintenance success according to the diet consumed (e.g., amount/type of fiber consumed). However, the interactions between these biomarkers for body weight regulation have not yet been explored.
Therefore, the purpose of this study was to re-analyze data from a previously published clinical trial [21] to investigate the difference in weight loss maintenance between subjects stratified according to low and high P/B ratio, and the potential interactions with dietary fiber consumption and markers of glucose metabolism. Overall, we hypothesize that subjects having high P/B ratio will regain more weight compared with those with low P/B ratio [11] , and that subjects with impaired glucose metabolism will regain more weight compared with those with normal glucose metabolism [19, 20] , as overall fiber content of the present study resembles the content of an average Danish (Western) diet. We then hypothesized that this will particularly hold true among subjects that are characterized by a high P/B ratio and impaired glucose metabolism at baseline and who consume low amounts of dietary fiber during the 24-week maintenance period.
Subjects and methods
The original study was registered at clinicaltrials.gov as NCT01561131 and was conducted in accordance with the ethical standards of the responsible regional committee on biomedical research in Denmark (H-2-2011-145) and the Danish Data Protection Agency (2007-54-0269). All participants provided written informed consent. The study was a double-blind, randomized intervention that included participants who were 18-60 years and had a BMI between 28 and 40 kg/m 2 [21] . The study had two parts: an 8-week low-calorie diet (LCD) weight loss period followed by a 4-armed, parallel 24-week weight maintenance period. During the 8week weight loss period, subjects consumed a meal replacement LCD (800-1000 kcal/d; 15-20% of energy from fat, 35-40% of energy from protein, and 45-50% of energy from carbohydrate) with the allowance of 200 g/day of watery vegetables. Participants who lost a minimum of 8% or more of their initial body weight were randomized to one of four isocaloric powder supplements as part of the 24-week weight maintenance period with three containing protein (Whey protein + calcium; Whey protein; Soy protein) and one being the control (Maltodextrin). The supplements were designed to constitute 10-15% of total daily energy intake. As previously reported no intervention effect was observed [21] . In the weight maintenance period, there were no restrictions to participants' diets, but they were encouraged during monthly group counseling by a department dietitian to follow the official Danish dietary guidelines including being physical activity a minimum of 30 min per day.
Body weight was registered to the nearest 0.1 kg (Lindeltronic 8000S, Lindell's, Malmo, Sweden) at baseline, after the LCD, and at week 2, 6, 10, 14, 18, 22, and 24 during the intervention. Height was measured to the nearest 0.5 cm at screening using a wall-mounted stadiometer (Hultafors). BMI was calculated as body weight divided by the square of height. Body composition was determined by DXA (Lunar iDXA) at baseline, after the 8-week LCD and at week 24 of the intervention. Waist circumference was measured with a nonelastic tape measure on the skin to the nearest 0.5 cm at baseline, after the LCD, and at study completion. At baseline, the physical activity level was calculated on the basis of questionnaire data and resting energy expenditure was estimated using a ventilated hood system (Jaeger Oxycon PRO; Viasys Healtcare GmbH).
At baseline and two times during the weight maintenance period (weeks 6 and 24) participants' food intakes were assessed with the use of 3-day dietary records. Reported mean intakes of energy, macronutrients and fiber during the intervention were calculated as means from week 6 and 24. If one of the two 3-day dietary records was missing (the case in 6 of the 123 subjects) the other constituted the mean value. Dietary fiber intake was expressed as g/10 MJ (~2400 kcal). Dietary fiber intake during the weight maintenance period was furthermore grouped into low and high intake using the median split (< 28.5 or > 28.5 g/10 MJ).
Blood pressure was measured with an automatically inflated cuff (A&D Instruments Ltd.) after a minimum of 10 min rest in a supine position. Furthermore, fasting blood samples were drawn at baseline (before LCD weight loss), from where the concentrations of insulin, c-peptide, glucose, cholesterol (total, high-density lipoprotein, and lowdensity lipoprotein), and triglyceride were measured and Homeostatic model assessment of insulin resistance (HOMA-IR) were calculated [21] . Fasting plasma glucose (FPG) groups represent normoglycemics (< 5.6 mmol/L) and participants with impaired fasting glucose (≥ 5.6 mmol/ L). The median was used as the cutoff for fasting insulin (FI, < 66.6 or ≥ 66.6 pmol/L), c-peptide (< 594 or > 594 pmol/L), and HOMA-IR (< 2.33 or > 2.33).
At baseline and after the LCD a fecal sample was collected at home, immediately cooled, transported to the Department, and aliquots were stored immediately at −80°C
. Bacterial DNA was extracted from fecal samples using the Macherey Nagel Soil kit (Machery-Nagel, Dueren, Germany) according to the manufacturers protocol. Subsequently, DNA yield and integrity were assessed using a Nanodrop and agarose gel electrophoresis, respectively. The library formation for sequencing was performed using 10 ng bacterial DNA, 0.2 μM of each barcoded forward and reverse primer, 0.2 mM dNTPs and 0.5 units Phusion high fidelity DNA polymerase (Thermo Scientific) in a total volume of 25 μl. To target the 16S rRNA gene's variable region 4 (V4) a forward primer 515 F (5′-AATGATAC GGCGACCACCGAGATCTACAC NNNNNNNN TATG GTAATTGTGTGCCAGCMGCCGCGGTAA-3′;
"N" indicates the nucleotides of the barcode sequence) and a reverse primer 806R (5′-CAAGCAGAAGACGGCATACG AGAT NNNNNNNNNNNN AGTCAGTCAG CC GGAC TACHVGGGTWTCTAAT-3′) were used, both with Illumina adaptor sequences in the 5′ end [22, 23] . PCR conditions were as follows: 98°C for 30 s followed by 35 cycles of 98°C for 5 s, 56°C for 20 s, and 70°C for 20 s. PCR products were purified and normalized to 1-2 ng/μl using the SequalPrep Normalisation Plate kit (Life Technologies Europe). Subsequently, samples were pooled (2 μl of each sample) and quantified using a KAPA Library Quantification Kit (KAPA Biosystems) on a Stratagene Mx3000 (Agilent Technologies Denmark). 6.65 pM library and 0.35 pM PhiX Control v3 (Illumina) was sequenced using an Illumina MiSeq V2 PE500 cartridge (500 cycles) on an Illumina MiSeq generating~27,000 reads per sample. Samples with <1000 reads were excluded from the present analysis. The generated sequences were analyzed using qiime_pipe (https://github.com/maasha/qiime_pipe) using QIIME v1.7.0 with default settings, which performs qualitybased sequence trimming, primer removal and assembly of paired-end sequences followed by the execution of a QIIME workflow including chimera checking [22] . De novo OTUpicking was performed using UCLUST [24] with 97% sequence similarity. Representative sequences were assigned taxonomy against the Greengenes database v11_2 [25] using the RDP-classifier [26] with an 80% confidence threshold. In the 12 cases where the same fecal sample was analyzed more than once, the microbiota analysis with the highest total reads was used. The two fecal samples collected before the weight maintenance period were used to calculate a mean log10 P/B ratio for each subject using average of the relative abundance at genus level. Samples with no detectable Prevotella spp. were given a value for Prevotella spp. below the detection limit (relative abundance of 0.001). Pearson's correlation coefficient between these P/B ratio measures was r = 0.66 (n = 109; P < 0.001). If one of the two samples was missing (the case in 17 of the 126 subjects) the other constituted the mean value. As no clear bi-modal distribution was observed when plotting log (Prevotella spp./Bacteroides spp.) as previously observed [11, 12] , we used the median value as cutoff to define low and high P/B groups (including those with no detectable Prevotella spp.). As a secondary cutoff, subjects with no detected Prevotella spp. at both collections constituted a third group called 0-Prevotella, similar to previous reports [11, 12] . A diagram showing the participant flow through the study can be found in Supplemental Fig. 1 .
Statistics
The frequency of the log-transformed relative abundance of Prevotella spp./Bacteroides spp. was plotted in a histogram with an indication of the median value. Baseline characteristics were summarized as mean ± standard deviation (SD), median (interquartile range) or proportions (%). Differences between the low and high P/B groups at baseline were tested using an unpaired two sample t-test, Wilcoxon rank-sum test (non-normally distributed data) or Pearson's chi-squared test.
Correlations between weight change and P/B ratio among all subjects as well as among subgroups defined as median split of dietary fiber intake and markers of glucose metabolism (FPG, FI, C-peptide, and HOMA-IR) were analyzed by means of Pearson's correlation coefficients. Furthermore, correlations between weight change and intake of carbohydrates, fats, proteins, and fibers during the 24-week weight maintenance period were analyzed by means of Pearson's correlation coefficients and partial correlation coefficients (mutual adjustment of dietary components).
Differences in body weight change during the 24-week weight maintenance period between P/B groups were analyzed for all completers by means of linear mixed models using all available weight measurements (allowing for missing intermediate weight measurements). The linear mixed models included the two-way interaction between the time × P/B group strata as well as the nested main effects and comprised additional fixed effects, including age, sex, pre-LCD BMI, LCD weight loss, diet allocation, and random effects for subjects. Second, a similar analysis was carried out with the addition of fiber intake during the intervention (dichotomized using median split) and/or pre-LCD HOMA-IR (dichotomized using median split) in the interaction term to produce three and four-way interactions (including all nested interactions and main effects). The four-way interaction model was also carried out for body fat and waist circumference as outcomes. Finally, as an explorative and underpowered secondary analysis, diet allocation (protein vs. maltodextrin) was included in the interaction terms of the above mentioned models while removed as fixed effects. Results are shown as mean weight change from baseline with 95% confidence interval (CI), and differences in weight change during the weight maintenance period were compared between median split of HOMA-IR and fiber intake within each P/B group and between P/B groups (with and without diet allocation) through pairwise comparisons using post hoc t-tests. All data were checked for normality and variance homogeneity. The level of significance was set at P < 0.05, with no adjustment for multiple testing, and statistical analyses were conducted using STATA/SE 14.1 (Houston, USA). . Median value of the average log-transformed relative abundance of Prevotella spp./Bacteroides spp. from before and after the low-calorie diet phase (both measures from before the weight loss maintenance intervention) was used as cutoff value to stratify subjects as having either low (n = 63) or high (n = 63) P/B ratio. Participants with no detectable Prevotella spp. were given a value below the detection limit (relative abundance of 0.001) 
Results
Overall, the 8-week LCD period resulted in a mean ± SD weight loss of 12.8 ± 2.7 kg with a regain of 1.9 ± 4.4 kg during the 24-week weight maintenance period (n = 126). Participants were stratified into low (<−1) and high (>−1) P/B groups according to the median log P/B ratio ( Fig. 1 ). No differences in baseline characteristics or LCD weight loss were found between the low and high P/B groups (Table 1) .
Overall, mean ± SD dietary distribution during the 24week weight maintenance period was 45.9 ± 7.1 E% carbohydrates, 32.2 ± 5.7 E% fats, 19.8 ± 3.9 E% proteins, and 29.0 ± 7.5 g/10 MJ dietary fibers (n = 123) with no differences between low and high P/B groups.
The correlation coefficient between P/B ratio and weight maintenance in all subjects was 0.22 (P = 0.012, n = 126) ( Fig. 2a) . The corresponding correlation coefficient was 0.45 (P = 0.012; n = 31) and 0.18 (P = 0.080, n = 95) among those randomized to maltodextrin and protein, respectively. Independently of supplement intake, subjects with high P/B ratio (n = 63) regained 1.5 (95% CI 0.4, 2.7) kg body weight (P = 0.007) more than subjects with low P/B ratio (n = 63) during the 24-week weight maintenance period (Fig. 2b) . The corresponding difference between low and high P/B groups was 2.8 (95% CI 0.6, 5.1, P = 0.012, n = 31) kg for the maltodextrin group and 1.0 (95% CI 0.2, 2.3, P = 0.11, n = 95) kg for the protein groups with a mean difference between the diet-groups of 1.8 kg (95% CI −0.8, 4.4, P = 0.17).
Baseline (before LCD weight loss) measures of FPG, FI, C-peptide, and HOMA-IR did not predict weight change during the weight maintenance period (Supplemental Fig. 2) . However, the observed correlation between weight maintenance and P/B ratio was −0.080 (P = 0.54) and 0.46 (P < 0.001) among subjects having below and above the median of HOMA-IR, respectively (Supplemental Table 1 ). Consequently, subjects with high P/B ratio and high HOMA-IR (n = 31) regained 2.2-4.2 kg (all P ≤ 0.007) more than the three groups (n = 31 in each group) with other combinations of P/B ratio and HOMA-IR (Fig. 3a) . This regain among subjects with high P/B ratio and high HOMA-IR was 6.5 kg (95% CI 4.2, 8.9, n = 6) among those in the maltodextrin group and 3.5 kg (95% CI 2.4, 4.7, n = 25) among those in the protein groups with a mean difference between the groups of 3.0 kg (95% CI 0.4, 5.6, P = 0.026). Correlation analysis between weight change and the P/B ratio for each of the four combinations of high/ low fiber intake and high/low HOMA-IR can be found in Supplemental Fig. 3 .
Macronutrient intake was not associated with weight change during the weight maintenance period, but fiber intake was negatively correlated with weight change (r = −0.24, n = 123, P = 0.007) particularly among subjects with high P/B ratio (r = −0.32, n = 61, P = 0.01) (Supplemental Table 2 ). Subjects with high P/B ratio and low fiber intake during the weight maintenance (n = 31) period regained 2.8-3.4 kg body weight (all P ≤ 0.001) more than the three groups (n = 30-31 in each group) with other estimated mean weight change from baseline and 95% confidence intervals at study completion (24 weeks) for each combination of the time-P/B ratio strata interaction in the linear mixed models, which were additionally adjusted for age, sex, pre-weight loss BMI, lowcalorie-diet weight loss, diet allocation, and subjects. Participants with no detectable Prevotella spp. were given a value below the detection limit (relative abundance of 0.001). *Mean difference between low (n = 63) and high (n = 63) P/B groups after 24 weeks was 1.5 (95% CI 0.4, 2.7) kg body weight (P = 0.007) combinations of P/B ratio and fiber intake (Fig. 3b ). This regain among subjects with high P/B ratio and low fiber intake was 5.7 kg (95% CI 3.6, 7.7, n = 8) among those in the maltodextrin group and 3.5 kg (95% CI 2.3, 4.7, n = 23) among those in the protein groups with a mean difference between the groups of 2.2 kg (95% CI −0.2, 4.6, P = 0.071). Consequently, subjects with high P/B ratio regained 5.3 (95% CI 3.3, 7.3) kg (P < 0.001) more body weight [and 5.5 (95% CI 3.2, 7.8) kg fat mass and 4.6 (95% CI 2.2, 7.0) cm around the waist (both P < 0.001)] if having high HOMA-IR while consuming low amounts of fiber (n = 17) compared with having a low HOMA-IR while consuming high amounts of fiber (n = 16) (Fig. 3c ). This 5.3 kg difference was the result of a 3.7 kg (95% CI 1.5, 6.0, P = 0.001) difference among those randomized to protein (n = 13 vs. n = 11) and a 9.2 kg (95% CI 5.6, 12.9, P < 0.001) difference among those randomized to maltodextrin (n = 4 vs. n = 5) [mean difference: 5.5 kg (95% CI 1.3, 9.8, P = 0.011)]. Differences were less pronounced among subjects with low P/B ratio (Fig. 3d) .
Subjects with no detected Prevotella spp. at both fecal collections (0-Prevotella group) maintained weight loss after 24 weeks [−0.4 kg (95% CI −2.1, 1.3, n = 15, P = 0.62)] resulting in a 2.1 kg (95% CI 0.1, 4.0, n = 48, The median was used as the cutoff for the log P/B ratio (< −1 or >−1), HOMA-IR (< 2.33 or > 2.33), and fiber intake (< 28.5 or > 28.5 g/10 MJ). Mean weight change (kg) from baseline to week 24 with 95% confidence interval (ordered least to most weight regain): a 0.1 (−1.0, 1.1, P = 0.92), 1.4 (0.4, 2.5, P = 0.009), 2.0 (1.0, 3.1, P < 0.001), 4.2 (3.1, 5.3, P < 0.001); b 0.7 (−0.3, 1.8, P = 0.18), 1.3 (0.3, 2.4, P = 0.016), 1.4 (0.3, 2.5, P = 0.014), 4.1 (3.1, 5.2, P < 0.001); c 0.2 (−1.2,1.7, P = 0.76), 2.5 (1.0, 4.0, P = 0.001), 2.6 (1.1, 4.1, P = 0.001), 5.5 (4.1, 6.9, P < 0.001); d −0.9 (−2.4, 0.5, P = 0.19), 0.7 (−0.8, 2.3, P = 0.34), 1.6 (0.2, 3.1, P = 0.025), 2.5 (1.0, 4.0, P = 0.001) P = 0.042) and 3.1 kg (95% CI 1.2, 5.0, n = 63, P < 0.001) lower weight regain during the weight maintenance period compared with those with low P/B (not counting those without detected Prevotella spp.) and high P/B, respectively. Weight change among the 0-Prevotella group was not different (P = 0.31) whether having below [0.5 kg (95% CI −1.8, 2.9), n = 7] or above [−1.0 kg (95% CI −3.2, 1.1), n = 8] the median intake of dietary fiber.
Discussion
As hypothesized, individuals who had a high P/B ratio regained more weight compared with individuals with low P/B when consuming an average Danish (Western) diet relatively low in dietary fiber. This difference was particularly evident among participants who had a fiber intake below the median. In addition, participants who had both high P/B ratio, high HOMA-IR and low fiber intake regained an impressive 5.5 kg body weight during the 24week weight maintenance. The present study serves as an extension of our recent observations showing an interaction between P/B ratio and dietary fiber intake on weight management [11] [12] [13] and an interaction between baseline markers of glucose metabolism and dietary fiber intake on weight management [18] [19] [20] . However, the key finding from the present study is that the P/B ratio and glucose metabolism together seems to modulate the effects of dietary fiber intake on maintenance of weight loss.
Overall, subjects with high P/B compared with low P/B regained 1.5 kg more body weight during the 24-week weight maintenance period, which was mainly driven by subjects randomized to maltodextrin (that resembled an average Danish (Western) diet the most). In support, we recently found participants with high P/B compared with low P/B ratio to lose (an insignificant) 1.0 kg less body weight (1.5 kg in the sensitivity analysis) on an average Danish diet [11] . This study together with previous studies [11, 12] , highlight the importance of dietary fiber for weight loss and maintenance of weight loss among subjects with high P/B. Incorporating sufficient fibers in the diet for this phenotype seems to improve the weight outcome in the order of 3-9 kg during a 6 month period. On the other hand, dietary fiber intake appear to have little or no effect on body weight among subjects with low P/B [11, 12] . Noteworthy, these two published studies and the present analysis have all been conducted in Denmark where more than half of the dietary fibers (≈23 g/10 MJ) come from bread and cereals (especially barley, wheat, oat, and rye) [27] . These cereals are sources of arabinoxylans and β-glucans, which have been shown to be a substrate for Prevotella spp. leading to the production of short-chain fatty acids (SCFA), including propionate [28, 29] and succinate, a precursor of propionate.
Both propionate and succinate increase gluconeogenesis in the intestine, which has been linked to improvements in energy and glucose homeostasis through the gut-brain axis and especially signaling to the hypothalamus [14, 15, 30, 31] . Improvements in energy and glucose homeostasis include decreased food intake, decreased fat storage and body weight, decreased hepatic glucose production, increased hepatic insulin sensitivity, and improved whole-body glucose metabolism and insulin action in rodents [14] . Furthermore, overweight adults administrated a propionate supplement have been found to have higher levels of circulating appetite-regulating hormones, peptide YY and Glucagon-like peptide-1, and a reduced energy intake. After 24 weeks of daily propionate supplementation this resulted in lower weight gain compared with the control group [31] . As some of the amino acids provided in the three protein groups (e.g., glutamine and glutamate) are major intestinal gluconeogenic substrates, gluconeogenesis may also partly explain why the protein groups regained less weight compared with the maltodextrin group, particular among subjects with high P/B ratio, high HOMA-IR, and low fiber intake.
Recently, we found subjects with the combination of high FPG (>100 mg/dL) and high FI (>median) [essentially those subjects with high HOMA-IR] regained almost 7 kg during 6 month on an average Danish diet whereas this weight regain was only about 2 kg among the remaining three subgroups with different combinations of FPG and FI [19] . This phenotype was also observed to have the worst weight development in another recent trial when consuming an average Danish diet [20] . In the present study, no baseline markers of glucose metabolism were found to predict weight change among all subjects during the weight maintenance period. However, high baseline HOMA-IR was found to predict weight regain among subjects with high P/B ratio.
The mechanism responsible for this is not known, but studies have indicated that a blunted carbohydrate-induced satiety may operate in insulin-resistant individuals due to impaired postprandial cellular glucose uptake in the brain and perhaps also in other organs and tissues [32, 33] .
Among subjects with high P/B ratio, both impaired hepatic insulin sensitivity (high HOMA-IR) and low fiber intake contributed to the risk of weight regain in an additive way. These results bring together recent studies highlighting the importance of baseline glucose metabolism [18] [19] [20] and P/B ratio [11] [12] [13] as prognostic markers for weight loss and the maintenance of weight loss when allocated to diets varying in macronutrient and fiber content.
In the original study, no difference in weight regain was found between the four randomized groups [21] which may partly be explained by the fact that supplements were designed to constitute 10-15% of total daily energy intake but ended up being only 5-10%. The current analysis revealed larger differences in body weight depending on P/ B ratio, measures of glucose metabolism and fiber intake among those randomized to maltodextrin (control group) compared with a combined protein group. This suggests that we could have observed larger effects on body weight if the maintenance diet would have been the average Danish diet without protein supplementation for three of the four randomized groups. However, due to the low number of subjects in the maltodextrin group we have mainly presented the results independent of randomization, which essentially make our data observational in nature. Certainly, our subgroup analyses presenting results separately for the maltodextrin and protein groups were underpowered and should be interpreted with caution. Another potential limitation is the fact that we were not able to detect a clear bimodal P/B ratio distribution, as previously observed [11, 12] , which meant that we simply divided subjects into groups based on the median P/B ratio. Furthermore, the potential limitation of slightly deviating cut-offs compared with previous reports [11, 12] could reflect population specific P/B ratios; however, more likely they reflect differences in the methodology of the bacterial profiling of Prevotella spp. and Bacteroides spp. The present study applied 16S rRNA gene sequencing as was also the case in another study [12] , whereas yet another study applied quantitative polymerase chain reaction (qPCR) [11] . However, the negative correlation between P/B ratio and weight change observed in the present study indicate a linear relationship and that the exact cutoff used is of less importance. Future use of the P/B ratio to determine individual dietary weight loss response on different diets would ideally need a specific reference methodology or at least take the specific methodology used into consideration. Along these lines also the glucose metabolism variables with no clinical diagnostic criteria as well as fiber intake were dichotomized using the median split which also potentially complicates translation to the general population. It could be argued that the true effect size might be even larger because of attenuation from non-differential misclassification although this is not necessarily the case [34] . Furthermore, it was not possible in the present study to investigate the interaction between specific dietary fibers, specific bacteria (potentially associated with the P/B groups), and other markers of the glucose metabolism.
Finally, from our previous studies, the 0-Prevotella group seems to do relatively well on an average Danish diet [12] , but also responding with larger weight loss to a diet high in fiber and wholegrain in the same way as those with high P/B ratio [11] . In agreement, we found in the present study that the 0-Prevotella group maintained weight loss better than subjects with low and high abundance of Prevotella on an average Danish diet. However, larger datasets are warranted to be able to investigate how to optimize diets securing best possible weight maintenance in this group having no detected Prevotella spp.
Conclusion
We substantiated that pre-treatment microbial enterotypes inferred by the P/B ratio may be an important biomarker associated with dietary weight loss maintenance. Specifically, we found that subjects having high P/B ratio, when adhering to an average Danish (Western) diet with minor protein supplements, were more susceptible to regain body weight compared with subjects with low P/B ratio, especially when dietary fiber intake was low and glucose metabolism was impaired. These observations underline that both the P/B ratio and markers of glucose metabolism should be considered as important biomarkers within personalized nutrition for optimal weight management.
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